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Abstract 

Associated production of different flavor heavy quarks can provide a probe for W bosons at the 
LHC. We study pp — t- t'b'X process with the subsequent decays t' — )■ W^b and b' — )• W~W'^b, and 
compare the results with the tb final state. The effects of the W' boson to the different flavor pair 
production cross section are shown to be important in some parameter region for the heavy quark 
masses of 600 and 700 GeV. We present accessible mass limits for the W boson at the LHC with 
Vi=14 TeV. 
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I. INTRODUCTION 



Discovery of new particles plays an important role for a clear evidence of the new physics 
at the Large Hadron Collider (LHC). The existence of additional charged massive bosons is 
predicted by various extensions of the Standard Model (SM). Such models candidates are 
the left-right symmetric (l-3|, extra dimensional {4, 5|, little Higgs [g-S] and models with 
extended gauge symmetry P- isl- 

A reference model given in Ref. [l^ can be used to confirm the results from experiments 
for searching new heavy bosons. The W boson can be considered analogy with W boson 
having same left-handed fermionic couplings. The recent experimental results have reported 
the exclusion limit for the mass of the extra charged gauge boson {W) through leptonic 
decay channel below 2.5 TeV with an integrated luminosity of 4.7 fb~^ from ATLAS 
and 5.0 fb~^ from CMS 16[ Collaborations at the center of mass energy of 7 TeV. 

The fermion generation replicants remain a mystery of the flavor problem since the SM 
does not predict the number of generation. A discovery of the sequential fourth generation 



can play a crucial role in understanding the flavor structure of the SM [17|]. The fourth 
generation contains the quark doublet {t', b') with their masses to be in the range 500-800 
GeV. 

The recent searches by the ATLAS Collaboration in the lepton+jet final state, under the 
assumption of BR(t' — )■ Wb) = 1 based on 4.7 fb~^ of data at y/s = 7 TeV excluded the 
existence of a fourth generation up type quark t' with a mass lower than 656 GeV [18]. A 
search for the same sign dilepton signature by the ATLAS Collaboration in 4.7 fb of data 



set lower limit on mb> > 670 GeV 19|]. The CMS Collaboration using 5 fb ^ of data in the 
same final state set lower limit of mj/ > 570 GeV [20| . A search for fourth generation down 



type heavy quarks in the same sign dilepton or three lepton events by the CMS Collaboration 



set a lower mass limit at 611 GeV with 4.9 fb ^ of data 



2l|. 



There are also constraints on the fourth generation quarks from Higgs searches at the 



Tevatron 



22| and the LHC 



23 



24( 1 . The fourth generation fermions effects the phenomenol- 



ogy of the Higgs, leading to the changes in decays r{H — i- VV). The constraints of the 
fourth generation model can be relaxed when there is an extended Higgs sector, such as two 



Higgs doublet model 



25|. 



In this study, we calculate cross section of associated production of different flavor heavy 
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quarks (t', b') with the effects of W boson at the LHC with ^/s=14: TeV. We also calculate 
cross section of relevant background processes. We study accessible mass limits for the W 
boson for different heavy quark masses of 600 and 700 GeV at the LHC. The result of this 
study can also be interpreted generically in the framework of heavy quark models in which 
BR{Q — )■ Wq) becomes smaller than unity. 



II. THE MODEL 



The general interaction Lagrangian for W and W bosons with the SM quarks and fourth 
generation quarks {f and b') is given by 

^ = --| E [V^,q^rPLq,W'^^ + V,,qa''PLq,W;l]+h.c. (1) 

i=u,c,t,t' 
j=d,s,b,b' 

where g = e/ sinO^y is the electroweak coupling constant, Pl are the usual chirality projec- 
tion operators and Vij is the element of the extended CKM mixing matrix (CKM4), W'^ 
and W^l are the vector field of W and W bosons, respectively. The triple gauge interaction 
of the W and SM gauge bosons is included in the benchmark model as given by RefQ. 

A fit for the fourth generation quark mixing matrix elements (CKM4) are given as | Vf/^l = 
0.0058(0.0056), \Vt>s\ = 0.0343(0.0309), \Vt>b\ = 0.1155(0.1185), iKfe'l = 0.0140(0.0130), 
iKb'l p^0.0339(0.0309), \Vtb'\ = 0.1149(0.1179), \Vt'b'\ = 0.9926(0.9924) for = 600(700) 
GeV [26]. Here, we assume the mass constraint \mf,'—mt' \ ~ 55 GeV. For a simulation frame- 
work, the interactions of four generations quarks with W and W bosons are implemented 



into computer package CompHEP 27] 



III. ANALYSIS AND RESULTS 



The total decay widths of W boson depending on its mass for the mass values of t' quark 
(600 and 700 GeV) are shown in Fig. [H As can be seen from this figure, the decay widths 
are slightly different from each other. The estimated branching ratios of W boson to the 
pair of heavy quarks are the following: BR(W' — )• tb) ~ 19% and BR{W' t'b') ~ 16%. 
The W — )■ WZ mode becomes ~ 1% for vertex parametrization ^ = M^/M^,. These 
branching ratios does not change significantly in the considered mass range of W boson. 
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TABLE I: The cross sections (cJi and (T2) of the signal process pp — )• t'b'X for t' mass 600 GeV and 
700 GeV as well as SS values at ./s=lA TeV with L = 10^ pb'^ Here, SSij = Si/^/Wj, i,j = 1, 2 
are the signal significances for the corresponding signal and background events. Bi and B2 denotes 
number of backgrounds events for W~W~^W~^ Z and W~W~^W~^H, respectively. 
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FIG. 1: Decay widths of W boson depending on its mass for m^ = 600 GeV (solid line) and 700 
GeV (dotted line). 
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FIG. 2: The total cross section ofpp t'b'X for nit/ = 600 GeV (dashed hne) and 700 GeV (dotted 
hne), and pp — >■ tbX (soUd hne) as function of Miy/ at the LHC with y^=14 TeV. 

First, we consider signal process pp — )■ {W, W) — )■ tbX at the LHC. The cross section for 
' ;he process is approximately 5.1 pb by using parton distribution functions library CTEQ6M 
with Q"^ = M^,. Fig. [2] shows the total cross sections of pp — )■ {W, W) — )■ tbX (solid 



line) depending on the mass of the W bosons at the collision center of mass energy of 14 
TeV. From this figure it is seen that the cross section sligthly changes with the mass of W- 
boson in the range 2000-4000 GeV. For the cross section estimate, we assume the efficiency 
for b-tagging to be e =0.5 and we take the integrated luminosity L = 10^ pb^^ at the 
center of mass energy ^/s = 14 TeV. In this case, the background process pp — t- W^bbX is 
calculated as 1.88 x 10^ pb. We calculate the statistical significance SS = S/\/B, as 27.4 
- 27.9 depending on the mass M^/ where S and B denotes number of events of signal and 
background, respectively. The cross section of the process pp (W, W) — )■ tbX shghtly 
changes with the mass of VT'-boson. 

Second, we consider signal process pp — )■ (W, W) — )■ t'b' at the LHC {^/s=lA TeV) with 
subsequent decays t' — )■ W^b, b' — )■ W^t and t — )■ W^b. The cross section depending on 
the W mass is given in Fig. [2] taking m^/ = 600 GeV (dashed line) and 700 GeV (dotted 
line). We take into account the primary SM background processes having the same final 
state with the signal process. In this case, we have two main background processes as 
pp W^W^W^ Z {Bi) and pp W^W^W^H {B2). We calculate the cross sections of 
these backgrounds as as^ = 3.58 x 10^"^ pb^^ and (Tbj = 4.44 x 10^^ pb^^ In Table [H we 



present total cross sections of the signal processes, (cti) for rrit/— 600 GeV, ((72) for mt/=700 
GeV, statistical significance for W mass range 2000-4000 GeV at the center of mass energy 
i/i=14 TeV and integrated luminosity L = 10^ pb~^. When calculating the number of 
signal and background events wc take into account all W bosons decay leptonically in the 
final state, Z boson and Higgs boson decay to bb. In the final state including b quarks we 
take the 6-tagging efficiency as e = 0.5. 

IV. CONCLUSION 

We investigate the mass reach for W boson decaying to different flavor heavy quarks 
with mass above the current mass bound at the LHC. With an integrated luminosity of 10^ 
pb^^ and y^=14 TeV the W mass exclusion below 4000 GeV is possible for the fourth 
generation quarks with mass 600-700 GeV. We find that W — )■ tb and W t'b' channels 
are the most sensitive to analyze new charged vector boson. The study presents a model 
independent search for W bosons, having the potential to explore the parameter space of 
new charged current models. 
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